Background: Studies of the use of health care after the onset of disease are important for assessing quality of care, treatment disparities, and guideline compliance. Cohort definition and analysis method are important considerations for the generalizability and validity of study results. We compared different approaches for cohort definition (restriction by survival time vs. comorbidity score) and analysis method [Kaplan-Meier (KM) vs. competing risk] when assessing patterns of guideline adoption in elderly patients.
H ealth care administrative databases are increasingly used to assess quality of care and identify characteristics of patients and providers that may be indicative of suboptimal treatment and guideline compliance. [1] [2] [3] [4] [5] [6] [7] The results of these studies can be used to shape policy, identify disparities, and design quality improvement activities. An important methodological consideration in conducting observational studies is how to account for death. Restriction has been used in the study of the effect of protective treatments on mortality and morbidity to reduce biases associated with conducting these studies using observational data. [8] [9] [10] Investigators can restrict the study cohort by requiring patients to survive and not be lost to follow-up for a specific time window (ie, 30 d). However, selecting patients who survive to the end of the window limits generalizability of results when the source population is subject to high mortality during that window and/or the window interval is too long. Alternatively, cohort restriction by baseline characteristics such as a comorbidity score or predicted probability of death threshold can reduce confounding by indication but may introduce selection bias. 11 In the first study aim, we use an empirical example of post myocardial infarction (MI) initiation of guideline recommendations to compare these 2 cohort restriction methods to account for death.
Time-to-event analysis is another way to account for death in observational studies. In the second study aim, we use the same empirical data from the first aim to compare Kaplan-Meier (KM) survival analysis with competing risk survival analysis. A competing event is an event such as death that precludes the event of interest from occurring. Standard KM survival analysis is an appropriate analysis method when death is the outcome of interest; however, this method does not appropriately account for death as a competing event. 12, 13 Including death as a censoring event in a KM analysis violates the assumption that censored individuals have a similar risk of experiencing the event of interest as those individuals in which we observe the event of interest. However, not including death as a censoring event violates the assumption that an individual is at risk for the event of interest once death has occurred. The magnitude of the bias from KM estimates is related to degree to which these assumptions are violated. Alternatively, competing risk models can be used to estimate the proportion of individuals experiencing the event of interest before death 14 avoiding issues arising from using the KM method.
In the present paper, we use time to adoption of secondary prevention guideline recommendations from the American Heart Association (AHA) 15 among Medicare beneficiaries hospitalized for acute myocardial infarction (AMI) in 2008 as an empirical example to investigate the implication of using different methods to account for death. We also illustrate how using timeto-event analysis provides a fuller picture of the adoption of guidelines or treatment initiation than the traditional reporting of incidence at a single point in time.
METHODS

Study Population
We used a national sample of Medicare beneficiaries from the Centers for Medicare and Medicaid Services (CMS) to investigate AHA guideline conforming medical care after AMI. Medicare beneficiaries hospitalized in 2008 for AMI defined by discharge code 410.xx (excluding.x2) in first or second position; were 65-95 years old at the time of their index AMI; and were continuously enrolled in Medicare Part A, B, and D between January 2007 and death or end of 2009 were included in our study (Fig. 1 ). Beneficiaries were included in this study if they survived their index hospitalization and were discharged home or left against medical advice. Beneficiaries were excluded from this study if they had an MI hospitalization in the year before their index event in 2008 or had evidence of substantial frailty (diagnosis of paralysis, Parkinson disease, or bedsores; or evidence of use of a wheelchair or in-home hospital bed) in the year before their index event (Fig. 1) .
Study Design
The 12 months before the index hospitalization period were used to define baseline covariates (Fig. 2) . The index hospital period began with the admission date of the first AMI hospitalization in 2008 and ended when the patient was discharged. If a beneficiary remained an inpatient by being transferred to another medical facility, the index period ended when the beneficiary was discharged into the community after the final continuous transfer. Guideline concordant medical care was assessed from the end of the index hospitalization period until December 31, 2009.
Outcome Definitions
The 2 outcomes of interest in our study were post-AMI initiation of AHA recommendations for outpatient cardiac rehabilitation participation and combination use of 3-4 guideline-recommended medications. The first date from records in the Medicare outpatient or physician (carrier) files with either Current Procedural Terminology code 93797 or 93798 defined cardiac rehabilitation initiation. The first date when a beneficiary had an overlap in days supply for fills of a renin-angiotensin system actor, a beta-adrenergic receptor antagonist, and a HMG CoA reductase inhibitor (statin) defined post-AMI initiation of concordant guideline-recommended medications (Supplemental Fig. 1 , Supplemental Digital Content 1, http://links.lww.com/MLR/B585). If a beneficiary had a revascularization procedure during the index hospitalization period, an antiplatelet fill was also required to define the medication outcome. Medications were identified in Medicare Part D records by generic medication names and/or national drug codes in each medication class. If a beneficiary started a medication before AMI hospitalization, the days supply of that medication was extended by the length of hospital stay in determining the medication outcome (Supplemental Fig. 1 , Supplemental Digital Content 1, http://links.lww. com/MLR/B585). Therefore, beneficiaries who had carryover pills from before their AMI hospitalization for all required study medications immediately experienced the guideline-recommended medication outcome upon discharge. Aspirin is also an AHA recommendation but is not reliably captured in Part D records because of its over the counter availability so it was not included in our medication outcome definition.
Population Characteristic Definitions
Demographic characteristics (eg, age, sex, and race) were obtained from the CMS enrollment file. International Classification of Diseases, Clinical Modification, Ninth Revision codes, Current Procedural Terminology codes, and Healthcare Common Procedure Coding System codes in the Medicare Standard Analytic files (inpatient, outpatient, and carrier) identified comorbid conditions and procedures. We identified other relevant baseline and index period characteristics such length of stay and comorbidity score. The Gagne comorbidity score, which predicts mortality better in elderly populations than other comorbidity measures, was computed from the baseline characteristics. 16 Frailty was quantified by computing the probability of diminished activities of daily living using model coefficients derived by Faurot et al. 17 
Cohort Restrictions
We explored the effect of requiring varying lengths of post-AMI survival on the adoption of guideline recommendations. We considered restriction by survival to 5 different points in time: 30, 60, 90, 180, and 366 days post-AMI discharge. The 30, 60, and 90-day time intervals were based on the common lengths of days supply for study medications. The 180-and 366-day (1-y) time points were chosen to represent extreme scenarios. 3 We also wanted to compare the 366-day survival restricted cohort to a cohort defined by a predicted 1-year survival on the post-AMI adoption of guideline recommendations. In the derivation of their comorbidity score, Gagne et al 16 defined high risk of 1-year mortality as ≥ 17% which corresponded to a score ≥ 5. We used this cut-off from Gagne and colleagues to define our predicted 1-year survival (lower risk of mortality) cohort as beneficiaries with a comorbidity score < 5.
Statistical Analysis
Descriptive statistics (count, proportions, mean, and SD) were used to summarize the characteristics of each cohort. Standardized differences were computed between the overall population and each survival and comorbidity score restricted population. KM estimates were used to compute post-AMI survival. Two methods were used to estimate the cumulative incidence function (CIF) of the adoption of guideline recommendations. First, CIF estimates were computed from the complement of the KM product limit estimator of the survival distribution function, 1−S(t) in which individuals were censored by both death and endof-study (Appendix Equation 1, Supplemental Digital Content 2, http://links.lww.com/MLR/B586). This method estimates the probability (risk) of the event of interest (ie, cardiac rehabilitation initiation) before some time t. The larger the proportion of the population that dies before cardiac rehabilitation initiation, the higher the degree to which KM assumptions are violated as death prevents the event of interest from occurring. This method was used to compute the risk of post-AMI initiation of both outcomes for all defined populations. A short example of this calculation is provided in the appendix at the end of this article (Appendix Fig. 1 The second method, the competing risk approach, estimates the joint probability of a specific event occurring before a given time point from a nonparametric estimator (Appendix Equation 2, Supplemental Digital Content 2, http://links.lww. com/MLR/B586). Both the probability (risk) of the event of interest (ie, cardiac rehabilitation initiation) before death at time t and the probability of death before the event of interest at time t were computed using this method. In the competing risk approach, the population at risk at each event time excludes individuals who have had any event before time t. 14 This method allows investigators to estimate the CIF for the event of interest (ie, cardiac rehabilitation initiation) and any competing event (death) separately. SAS uses a nonparametric estimator to calculate cumulative incidence. 18 This method was used to compute the risk of post-AMI initiation of both outcomes for the overall study population and the 1-year predicted survivor populations. A short example of how to calculate risk of the event of interest is provided in the appendix at the end of this article (Appendix Fig. 1 , Appendix Table 2 , Supplemental Digital Content 2, http:// links.lww.com/MLR/B586). All analyses were completed using SAS 9.4 (Cary, NC).
RESULTS
We identified 76,797 beneficiaries who met study criteria. Beneficiaries in the overall population had a mean age of 78 years old (SD = 7.5), 56% were female, and 7.8% black ( Table 1) . As we restricted the study cohort by increasing lengths of post-AMI survival time, the number of beneficiaries in each population decreased; however, there were very few differences in the distribution of measured baseline characteristics. Dissimilarities in the measured covariates which had > 10% standardized difference occurred mainly in the predicted 1-year survivor population ( Table 1 ). The proportion of those who died in the overall population was 3% at 30 days post-AMI increasing to 17% at 1-year post-AMI (Table 1) (Supplemental Fig. 2 , Supplemental Digital Content 1, http://links.lww.com/MLR/B585). In the overall population, beneficiaries experienced 11,328 cardiac rehabilitation initiation events and averaged 412 days of follow-up time for the cardiac rehabilitation initiation outcome.
Cumulative incidence estimates of post-AMI initiation of cardiac rehabilitation and concordant guideline-recommended medication (Fig. 3) increased with increasing amounts of survival restriction. Differences in the cumulative incidence between each consecutive survivor-restricted population were small often with overlapping confidence intervals (Supplemental Table 1 , Supplemental Digital Content 1, http://links.lww.com/ MLR/B585). When the survival requirement for population inclusion was 90 days or less, the confidence intervals (CIs) for the cumulative incidence of cardiac rehabilitation for each survivorrestricted population overlapped. However, confidence intervals for the cumulative incidence of cardiac rehabilitation initiation did not overlap between the overall population and populations where at least 180 days of survival were required for population inclusion. Results were similar for guideline medications. The difference in post-AMI initiation estimates between the observed 1-year (366-d) survival population and the predicted 1-year survival population was negligible for both outcomes.
We observed that the KM estimates of the post-AMI incidence of guideline initiation were consistently higher than the competing risk method estimates (Fig. 4) . At 1-year post-AMI discharge in the overall population, the KM method estimated that 15.2% (95% CI, 14.9%-15.4%) and 53.4% (95% CI, 53.1%-53.8%) of beneficiaries initiated cardiac rehabilitation and concordant guideline-recommended medication, respectively; however, the competing risk method estimated that 14.5% (95% CI, 14.3%-14.8%) and 52.3% (95% CI, 52.0%-52.7%) of beneficiaries initiated cardiac rehabilitation and concordant guideline-recommended medication, respectively. The magnitude of the difference in estimates between methods increased from Table 2 , Supplemental Digital Content 1, http://links.lww.com/MLR/ B585). At 1-year postdischarge, 15% of beneficiaries in the overall population had died before starting cardiac rehabilitation while 9.4% of beneficiaries died before post-AMI initiation of concordant guideline-recommended medications. At 1-year postdischarge, 11.3% of beneficiaries in the predicted 1-year survivorrestricted population had died before starting cardiac rehabilitation while 6.7% of beneficiaries died before post-AMI initiation of concordant guideline-recommended medications. The estimates for post-AMI initiation of guideline recommendations were higher in the predicted 1-year survivor-restricted population than the overall population (Supplemental Fig. 3 , Supplemental Digital Content 1, http://links.lww.com/MLR/B585). Less than 10% of any of the populations adopted both cardiac rehabilitation and concordant guideline-recommended medication within 1 year of AMI discharge (data not shown). Approximately one-half of those who initiated cardiac rehabilitation within the first year post-AMI were also concurrently using 3-4 guideline-recommended medications (data not shown).
DISCUSSION
In a population-based study of patients discharged alive after AMI, we compared different approaches to estimating the risk of patients adopting guidelines for recommended medications or cardiac rehabilitation after hospital discharge. Restricting the study cohort by survival reduced the population size at risk and appeared to select for more guideline adoptive patients, as restriction increased the estimated risk of cardiac rehabilitation initiation or concordant guidelinerecommended medication possession during follow-up. The bias produced by requiring survival for a short duration in estimates of initiation may be supportable in most circumstances. However, as we demonstrated in this study that treatment adoption by comorbidity-restricted population was similar to the 1-year observed survival restricted population, we would recommend that investigators restrict cohorts by baseline prediction of survival rather than observed survival when 6 or more months of survival are being considered as an inclusion/exclusion criterion. Censoring patients who die is an alternative approach to requiring survival; however, implicitly censoring by death via KM analysis assumes that patients who die could still go on to initiate therapy. Competing risk methods should be used as the appropriate time-to-event analyses as this method estimates the risk of an event before death. In our study, we saw relatively modest differences between the KM estimates of the cumulative incidence of initiation of cardiac rehabilitation and concordant guideline-recommended medication and the competing risk estimates. In studies subject to stronger mortality, these differences would be larger.
Results from our analysis have implications for outcome studies using guideline treatments as an exposure. By graphing the cumulative incidence from the time-to-event analysis, we observed that beneficiaries experienced long delays between AMI discharge and cardiac rehabilitation initiation. The proportion of cardiac rehabilitation initiators nearly doubled between 30 and 90 days postdischarge. The mean time to cardiac rehabilitation initiation of 56 days in this study was similar to what has previously been reported. 7 If investigators defined an exposure window based on the median time to initiation from previous studies then half of those who would eventually initiate treatment would be misclassified as nonusers because the distribution of time to initiation among initiators was skewed right (median = 33 d). Defining an exposure window of 30 days instead of 60 days may overestimate the protective effect of treatment. 19 Studies that aim to assess the effects of cardiac rehabilitation should consider the above factors when designing outcome studies with fixed exposure windows.
Promoting adoption of guideline recommendations remains an opportunity for public health intervention given that <20% of any population studied initiated cardiac rehabilitation and ∼50% of any population studied had concordant guideline medication possession in the first year post-AMI discharge. Our estimates of cardiac rehabilitation initiation were similar to a previous study of Medicare beneficiaries at least 65 years old who survived at least 30 days postdischarge and had a length of stay of 30 days or less which reported 13.9% of MI patients initiated cardiac rehabilitation within 1 year. 7 In our study, we estimated 15.0% (95% CI, 14.7%-15.2%) of beneficiaries who survived at least 30 days initiated cardiac rehabilitation within 1 year using the competing risk method. Although nearly a decade has passed between these studies, there was only a 1% increase in the adoption of this recommendation. Beneficiaries were more likely to fill prescriptions for concordant guideline medications than participate in cardiac rehabilitation. Concordant guideline-recommended medication possession from this study (49.8%, 95% CI, 49.4%-50.1%) using the competing risk method at 3 months post-AMI discharge was similar to the observed proportion of adoption (41.5%) reported for a subgroup at least 65 years old in a study of commercially insured acute coronary syndrome patients. 5 In the 5 years between the Nichols study and our study, there was an almost 10% increase in the adoption of this recommendation. The difference may be even higher when comparing just 3 medication classes. Despite this increase in guideline adoption, there is still a great opportunity for public health interventions in this area.
Our large sample size was strength of our study. It permitted us to apply several types of restrictions and maintain sufficient numbers of beneficiaries in each subpopulation to stably estimate adoption of guideline recommendations. Women, a subgroup that is often under-represented in cardiac rehabilitation trials, comprised approximately half of each population. 20 Because we used both outpatient and pharmacy claims data for this study, we were able to avoid recall bias in the definition of study outcomes. However, we may have underestimated guidelinerecommended medication use due to some beneficiaries initiating treatment on samples or low-cost generic medications that were not recorded in the pharmacy claims. 21, 22 We suspect little misclassification of cardiac rehabilitation use from outpatient claims data as providers would not be reimbursed without submitting a claim. Another limitation of this study is the unmeasured provider preference for referring patients to cardiac rehabilitation or prescribing all of the guideline-recommended medications. We assumed that all beneficiaries meeting study criteria would have been referred for cardiac rehabilitation and given a prescription for all guideline-recommended medication but there may be clinical or system reasons why this was not the case. We attempted to limit the impact of the violation of these assumptions with the study inclusion/exclusion criteria.
In conclusion, we discussed different approaches to accounting for death applied to a study of the use of guidelinerecommended therapies after AMI. We found that restricting the population resulted in somewhat higher estimates of guidelinerecommended cardiac rehabilitation and concordant medication possession. Restriction by baseline covariates will produce estimates that more interpretable at the point of care than restriction by long periods of observed survival. We saw relatively modest differences between the KM estimates and the competing risk estimates. In studies where mortality is more common, restricting the study to patients who survive may affect generalizability and may introduce survivor bias in the results. Competing risk approaches are preferable as they avoid these issues.
